chocardiographic assessment of myocardial function is frequently used for perioperative management of surgical and critically ill patients. However, the most common echocardiographic measure, left ventricular ejection fraction (LVEF), only assesses volume-based changes during systole and diastole rather than measuring myocardial muscle contraction. LVEF is also limited by its reliance on geometric assumptions that are subject to measurement error. Furthermore, echocardiographic assessment of regional wall motion abnormalities is limited by subjective interpretation. 1 In patients with sepsis, up to two-thirds of whom may experience myocardial impairment, 2, 3 early myocardial dysfunction may be masked by sepsis-induced vasodilation and reduced afterload, and thus, LVEF may not fully assess myocardial function. 3, 4 A more objective, sensitive, and reproducible measure of myocardial function would be useful.
Myocardial deformation imaging has been used in research for more than a decade, but clinical use of this modality is relatively new for anesthesiologists. 5 This echocardiographic technique assesses the change in ventricular shape (deformation) during myocardial contraction. During systole, the myocardium shortens in the longitudinal and circumferential dimension while thickening radially. Measures of myocardial deformation include strain, defined as the percent change in length of a myocardial segment relative to its resting length, and strain rate, which is the rate of this deformation. Myocardial shortening in the longitudinal and circumferential direction is reported as a negative number, whereas elongation or thickening in the radial direction is positive (Fig. 1) . Although normal reference values have not yet been established, longitudinal strain in healthy individuals by transthoracic echocardiography typically is between −18% and −21%, [5] [6] [7] whereas strain rate is −1.1 ± 0.2 sec
Describing a change in myocardial function with negative strain values can cause confusion; thus, the absolute value is considered when determining whether strain increases or decreases 8 ; for example, a change from −15% to −12% in longitudinal strain describes a decrease in longitudinal shortening and is referred to as a decrease in strain.
Myocardial deformation imaging initially was based on tissue Doppler echocardiography, but angle dependence and cumbersome analysis techniques impeded its use. Subsequent development of speckle-tracking echocardiography, which assesses changes in the ultrasound backscatter speckle pattern within B-mode echocardiographic images, has overcome these limitations and is more robust than Doppler-based methods. 5, 9 Speckle-tracking echocardiography provides semiobjective, quantitative, angle-independent global and regional measurements and allows assessment of 2 orthogonal planes simultaneously. Improved software analysis programs have increased the ease of use and the clinical application of myocardial deformation imaging with speckle-tracking echocardiography.
In this issue of Anesthesia & Analgesia, Shahul et al. 10 used myocardial deformation imaging to advance our understanding of sepsis-induced myocardial dysfunction. Myocardial function was assessed in patients with septic shock and those with sepsis alone by the use of longitudinal, circumferential, and radial strain, as well as LVEF on admission and 24 hours later. The authors reported that longitudinal strain decreased in patients with septic shock but not sepsis alone and that LVEF, circumferential, and radial strain were not changed. Shahul et al. 10 should be commended for using this advanced echocardiographic technique to investigate myocardial impairment in patients with sepsis and septic shock. Several strengths of this investigation include the collection of prospective echocardiographic data and blinding of the echocardiographic analysis to timing (0 vs 24 hours) and diagnosis (sepsis versus septic shock). Because strain is a load-dependent measure, the authors adjusted strain measurements for left ventricular end-diastolic volume and vasopressor use and demonstrated consistent results to further support their conclusions. Unlike longitudinal strain, Shahul et al. 10 found that circumferential and radial strain remained unchanged. However, longitudinal strain has greater reliability and reproducibility than circumferential or radial strain 11 and is a more clinically useful prognostic indicator. As an example, longitudinal strain is a better predictor of mortality than LVEF in patients with valvular heart disease, heart failure, and ischemic cardiomyopathy. [12] [13] [14] Although the decrease in longitudinal strain was only seen in patients with septic shock, it is interesting to note that the mean baseline longitudinal strain was abnormal in both groups (approximately −15%) even though LVEF was normal.
An important aspect of this report by Shahul et al. 10 is that patients who had a decrease in longitudinal strain also were more severely ill, as documented by greater Acute Physiology and Chronic Health Evaluation II and Sequential Organ Failure Assessment scores, a greater requirement for mechanical ventilation, and higher mortality. In contrast, conventional echocardiography has not identified an association between severity of illness and worsening myocardial function, possibly because LVEF is insensitive to subtle myocardial dysfunction. This investigation also provides evidence that myocardial deformation imaging with speckle-tracking echocardiography offers an early indication of worsening myocardial function before conventional measures of contractility, which may lead to earlier therapeutic intervention. Certainly, myocardial strain imaging detects early signs of myocardial dysfunction in patients with aortic regurgitation 15 and those receiving cancer chemotherapy. 16 Shahul et al. 10 make a case for applying echocardiographic strain measurement more broadly to assess myocardial function during other critical illnesses and the perioperative period.
The authors describe several methodologic limitations to this investigation, such as the potential for confounding by patient comorbidities. Because of the small sample size limited to a single institution, these results may not be widely generalizable and require confirmation in a larger patient population. The analysis did not correct for multiple comparisons, but the actual P value for longitudinal strain was highly significant (P < 0.0001), reducing the risk of a type I error. This investigation cannot prove that the effects of septic shock on myocardial performance occurred early after the onset of shock because other time periods were not investigated. It is also important to note that a change in myocardial function between hospital admission and 24 hours later reflects not only severity of disease but also response to treatment given during this time period. Evidence supports measurement of global peak systolic strain from a single apical 4-chamber view, although with wide limits of agreement. 17 Thus, analysis of the usual 3 apical views could improve accuracy of the data. Shahul et al. 18 previously reported excellent intra-and interobserver reliability in strain analysis and including a similar result would be useful because this measurement is unfamiliar to many readers.
What's next? This investigation provides a strong rationale for further investigation to examine myocardial function in septic patients. Future studies are needed to elucidate the cause or mechanism of septic shock-associated www.anesthesia-analgesia.org aNEsthEsia & aNalgEsia myocardial dysfunction and to determine whether this condition is reversible. The clinical impact of sepsis-induced attenuation of longitudinal strain on long-term outcomes, as well as evaluation of potential therapies to improve myocardial function in patients who are critically ill, needs further exploration. This investigation and others will likely increase the use of strain analysis with speckle-tracking echocardiography in clinical care and research investigations. Significant challenges, however, currently hinder its widespread use. Strain and strain rate are load-dependent measures of myocardial function and thus cannot explicitly state whether contractile function is impaired or whether observed changes in strain are a consequence of altered loading conditions. Speckletracking also requires images with excellent endocardial definition, which can be challenging in critically ill or surgical patients. Furthermore, because adequate training and experience are needed, the potential for misinterpretation, especially by a novice user, is high. Although improvements have been made in recent software programs to simplify strain analysis, these techniques are still relatively cumbersome and challenging to perform when caring for a critically ill patient in the intensive care unit or operating room. Moreover, standardization between echocardiographic workstations and software analysis packages is in progress, but more work remains. 8 Despite the limitations of strain analysis, the ability to measure regional and global myocardial function using a semiobjective, quantitative, and reproducible method provides new opportunities to improve our understanding of myocardial impairment, resulting from sepsis and other critical illnesses. Ultimately, strain analysis with speckletracking echocardiography may arise as the superior technique for assessing myocardial function-more than just fun and games. E DISCLOSURES Name: Andra E. Duncan, MD, MS.
